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EXECUTIVE SUMMARY

The Building and Fire Research Laboratory (BFRL) of the National Institute of Standards and
Technology (NIST), under the sponsorship of the United States Fire Administration (USFA), has
conducted a series of experiments to demonstrate the suppression effectiveness of water-based fire
fighting agents. Accepted test procedures for suppression effectiveness do not currently exist.
Therefore, the results of these experiments are a first step toward establishing standardized tests for
evaluating the fire fighting effectiveness of water-based agents. Because issues of toxicity and
environmental effects of commonly used agents are of paramount concern to the fire fighting
community, this report includes as an appendix, Wildland Fire Foam Characterization. This
characterization study includes methods for demonstrating environmental safety and toxicity as
developed by the United States Department of Agriculture (USDA). The work reported here
addresses a broad range of tests in order to determine those parameters that most critically effect fire-
fighting performance.

This project was a result of Public Law 103-327 which provided funding to the USFA, to
demonstrate biodegradable, environmentally safe, nontoxic fire suppression liquids which are
effective on Class A, B and many D fires. Since no standardized test methods or protocols were
available to demonstrate the effectiveness of water-based fire suppression liquids, USFA tasked
BFRL with developing a methodology for conducting a demonstration. This task is consistent with
NIST’s mission to advance measurement science and develop standard test methods and with
BFRL’s program to improve fire safety.

Introduction

Water based fire fighting agents have been utilized for many years to enhance the fire fighting
capabilities of ordinary water. The most widely used of the water based agents are the foams for use
on Class B fires. Agents designed primarily for Class A fires have been used most extensively in
conjunction with wildland fires. More recently these agents have been promoted for use on a wider
range of Class A and in some cases Class B and D fires. These agents are frequently advertised as
more effective than plain water while being environmentally safe. In some cases they are also
claimed to reduce the quantity and toxicity of smoke.

There are a number of commercially available water based fire suppression agents designed primarily
for Class A fires. Generically these agents can be classified as surfactants which reduce the surface
tension of water, potentially modifying the fire fighting capabilities. There are standards for
assessing some characteristics of these agents, however most of the criteria do not address the fire
fighting (protection/suppression) capabilities of the agent. This is particularly true for Class A and
Class D fires. An evaluation protocol is needed to measure the fire fighting capability of an agent
and to relate its performance to plain water or another agent in a given situation. This would enable
the fire community to select the most cost effective fire suppression agent(s) to fit their specific
needs, thus optimizing utilization of their resources.
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The use of water based fire fighting agents raises the question of potential health and environmental
effects. First is the exposure of fire fighters to the agent itself and the products of combustion
produced when using the agent. Second is the impact as agent run-off enters the environment.

Approach

Given the time constraints and the developmental nature of this program only a limited number of
agents could be used. These agents were chosen from a list of water based fire suppression agents
meeting the interim requirements of U.S. Forest Service Specification 5100. The agents on the
qualified products list (QPL), dated January 18, 1995, were: Angus ForExpan S, Ansul Silv-Ex,
Chemonics Fire-trol FireFoam 103 and 104, Monsanto Phos-Chek WD 881, Pyrocap B-136 and TCI
Fire Quench [1]. All of these agents are recognized as meeting the U.S. Forest Service Specification
5100 Interim Requirements for environmental impact, human health safety, and physical properties.
Utilizing agents from the QPL, provided products with an existing data base of information which
could not be collected within the time constraints of this project. Four agents, representative of a
cross section of agents on the QPL, were chosen for this project based on differences in selected
physical properties data and differences in cost. In this report the names of these products are not
identified.

The demonstration project was divided into four tasks:

1. Conduct a workshop with users, manufacturers and researchers interested in biodegradable,
environmentally safe, nontoxic fire suppression liquids.

2. Collect information on fire suppression agents which are considered by their manufacturer
to be biodegradable, environmentally safe, nontoxic fire suppression liquids which are
effective on Class A, B and many D fires.

3. Develop methods as required and assess the biodegradability, environmental safety, toxicity
and physical properties of a limited number of water based fire fighting agents.

4. Develop methods as required and demonstrate the fire fighting effectiveness of a limited
number of water based fire fighting agents for Class A, B, and many D fires.

TASK 1

A workshop was held in Gaithersburg, MD on June 27, 1995. The workshop had three objectives;
1) to brief the attendees on the objectives, scope and approach of the demonstration project, 2) to
solicit comments and suggestions on the demonstration project and obtain any available information
on previous fire suppression effectiveness test results and 3) collect field use experience from the
fire service on water based fire suppression agents. The meeting was attended by fire fighting agent

1 Certain equipment or materials are identified in this report. Such identification does not imply recommendation or
endorsement by the National Institute of Standards and Technology or the U.S. Fire Administration, nor does it
imply that the equipment or materials identified are necessarily the best available for the purpose.
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manufacturers, fire fighters, researchers and special experts in the field of fire fighting with water
based fire fighting agents.

The primary recommendations of the attendees are listed below:

1. Class A fire fighting effectiveness should be the focus of the project.

2. Utilize existing standardized tests to demonstrate the fire fighting effectiveness on Class B
and D fires.

3. Experimental scenarios should include fire knockdown, “overhaul,” and exposure protection.

4. Experiments should be conducted at “real life scale” when possible.

5. Efforts characterizing the physical, environmental safety and toxicity attributes of liquid fire

fighting agents should continue.
These recommendations were incorporated into the research program.
TASK 2

The Alliance for Fire and Emergency Management compiled a list of names and addresses of
manufacturers of “Alternative Liquid Fire Extinguishing Agents” that are marketed in the U.S. as
being suitable for Class A fires, Class A and B fires and Class A, B and D fires. Information was
found on twenty nine commercially available agents. The list includes agents which are described
as wetting agents, emulsifiers, foams, and gels. According to the agent manufacturers’, all of these
agents are “environmentally safe” or “biodegradable”. Of the twenty nine agents, all are advertised
as being effective on Class A fuels, twelve of the agents are also advertised as being effective on
Class B. Three of the agents are advertised as being effective on Class A, B and D fuels.

While this list of agents is by no means a complete listing of liquid fire fighting agents, it does
demonstrate that there are a wide range of fire suppression liquids commercially available. It also
highlights the problem fire departments have, when choosing an agent for use. With no standardized
test methods available to measure the fire fighting effectiveness of these agents, a fire chief,
typically, has limited information on effectiveness when making a decision concerning use of a new
agent.

TASK 3

The Intermountain Fire Science Laboratory (IFSL) of the U.S. Forest Service, has been conducting
a program to collect the environmental impact, human health safety, and physical property data,
available through existing standardized tests on the water based fire fighting agents currently meeting
Specification 5100. Utilizing the standardized tests, the IFSL has evaluated all of the agents with
respect to biodegradability, mammalian acute oral and acute dermal toxicity, primary eye and skin
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irritation, and fish toxicity.

The physical properties of the liquid fire suppression agent are very important to determining
"usability" of the agent in the field. The IFSL have characterized the following physical properties
for each agent on the list; flash point, fire point, vapor pressure, pH, density, viscosity, pour point,
miscibility, surface tension, conductivity, refractive index, stability, wetting and foaming ability,
expansion and drain time and corrosion effects on materials in foam delivery systems. In order to
make efficient use of project funds and to avoid redundant efforts, NIST contracted with the IFSL
to develop a report on all of the standardized testing conducted under their direction for all of the
agents currently on the Forest Service QPL. Their agent characterization can be found in Appendix
C of this report.

TASK 4

This broad-based study on fire-suppression effectiveness of water-based fire fighting agents utilized
laboratory-scale experiments and large-scale fire suppression experiments. Four commercially
available fire suppression agent solutions were selected. Water was used as the basis for developing
performance data because of its well known physical characteristics and wide use in the fire fighting
community. It was found that some of the test methods provide a basis for clear differentiation of
fire fighting effectiveness between water and fire-fighting agents. Others demonstrated little
capability to differentiate fire-fighting effectiveness. This does not mean that these properties do not
effect fire fighting efficiency, rather that the measurement is not particularly sensitive to the
application.

Based on the limited results of this study, the following test methods have the highest degree of
differentiation between water and the fire-fighting agents: surface cooling and fuel penetration, agent
retention on surfaces, ignition inhibition, tire fire suppression and Class B fire suppression.

Based on the limited results of this study, the following test methods have small or no discernable
capability to differentiate between water and fire-fighting agents: specific heat, drop size, contact
angle, wood crib fire suppression, smoke generation and Class D fire suppression.

Summary

For demonstration purposes, tests examining the following properties and conducted in accordance
with the methods identified in this report can be used to provide information on some important
characteristics contributing to measures of the fire fighting effectiveness of liquid fire suppression
agents relative to water.

» specific heat * tire fire suppression

» fuel cooling and penetration * wood crib fire suppression
* mass retention * heptane fire suppression

* ignition inhibition * magnesium fire suppression

The results presented here provide preliminary data upon which fire fighting effectiveness tests may
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be developed. Certain plausible scenarios can be constructed regarding the action of the agents in
extinguishing fires. However, additional research efforts are necessary to develop a broader base for
such development. Areas recommended for further study include:

» effectiveness of agent application technique (i.e. fog nozzle vs. compressed-air foam),

« fire suppression effectiveness test methods should be designed to reflect the training of fire
fighter to include the complexities necessary to expeditiously extinguish a fire,

» investigation into a test to measure emulsification capability, and

» experiments involving structural-fire suppression.

The fuel cooling and penetration experiment should be developed further, since it incorporates the
benefits of the surface tension and contact-angle tests as well as cooling and penetration aspects for
a given fuel.
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Demonstration of Biodegradable, Environmentally Safe, Non-Toxic,
Fire Suppression Liquids

D. Madrzykowski and D.W. Stroup, Editors

ABSTRACT

The Building and Fire Research Laboratory (BFRL) of the National Institute of Standards and
Technology (NIST), under the direction of and funding by the United States Fire Administration
(USFA), has conducted a series of experiments to demonstrate the suppression effectiveness of
water-based fire fighting agents. Accepted test procedures for suppression effectiveness do not
currently exist. Therefore, the results of these experiments are a first step toward establishing
standardized tests for evaluating the fire fighting effectiveness of water-based agents. Because
issues of toxicity and environmental effects of commonly used agents are of paramount concern
to the fire-fighting community, this report includes as an appendix, Wildland Fire Foam
Characterization. This characterization study includes methods for demonstrating environmental
safety and toxicity as developed by the United States Department of Agriculture (USDA). The
work reported here addresses a broad range of tests in order to determine those parameters that
most critically effect fire-fighting performance.

This project was a result of Public Law 103-327 which provided funding to the USFA, to
demonstrate biodegradable, environmentally safe, nontoxic fire suppression liquids which are
effective on Class A, B and many D fires. Since no standardized test methods or protocols were
available to demonstrate the effectiveness of water-based fire suppression liquids, USFA tasked
BFRL with developing a methodology for conducting a demonstration. This task is consistent
with NIST’s mission to advance measurement science and develop standard test methods and
with BFRL’s program to improve fire safety.

This study focused on fire-suppression effectiveness of water-based fire fighting agents utilized
laboratory-scale experiments and large-scale fire suppression experiments. Four commercially
available fire suppression agent solutions were selected. Water was used as the basis for
developing performance data because of its well-known physical characteristics and wide use in
the fire fighting community. It was found that some of the test methods provide a basis for clear
differentiation of fire fighting effectiveness between water and fire-fighting agents. Others
demonstrated little capability to differentiate fire-fighting effectiveness. This does not mean that
these properties do not effect fire fighting efficiency, rather that the measurement is not
particularly sensitive to the application.

Based on the limited results of this study, the following test methods have the highest degree of
differentiation between water and the fire-fighting agents: surface cooling and fuel penetration,
agent retention on surfaces, ignition inhibition, tire fire suppression and Class B fire suppression.

Based on the limited results of this study, the following test methods have small or no discernable
capability to differentiate between water and fire-fighting agents: specific heat, drop size, contact

angle, wood crib fire suppression, smoke generation and Class D fire suppression.

Key words: class A fires; class B fires; class D fires; compressed air foam,; fire extinguishing
agents; fire suppression; large scale fire tests
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